Rainfall is one of the most important climatic elements that influence both the spatial and temporal water availability. Therefore, identification of its trend over years is vital for detection of extreme climatic changes. The purpose of this study is to investigate the variability of precipitation in flood source areas of Kelantan river basin by detecting precipitation flood changes in the temporal structure for the period of 1984-2014. A total of 17 rain gage stations with at least 25 years' records in the temporal structure for the period 1984-2014 were selected. For the AMF data, 4 gauging stations were selected for the analysis. Mann-Kendall and Sen slope estimator tests were used to detect possible precipitation trend. This resulted in the detection of non-statistically significant trend in the annual maximum series of 24-hr precipitation in 12 of the 17 selected rain gauge locations and statistically significant trend in 5 locations for the period under study. Whereas, the AMF series signaled significance at 5% level in all the stations. This may be as a result of watershed characteristics such as land use changes soil, topography, of the study area which needs to be studied in detail.
INTRODUCTION
Majority of hydrologic time series statistical analyses faced in a typical scale in water resources management (either monthly or annually) are centered on certain fundamental assumptions. These assumptions include; the time series is free from missing data, consistent, free from trends, non-periodic with no persistence, stationary and constitutes a stochastic process whose random component follows the appropriate probability distribution function [1, 2] . These assumptions are not always true. For example; missing data which is a common setback faced by hydrologists mainly due to a number of reasons. Random and systematic errors are almost always certain during measurement of hydrologic variables such as precipitation and stream flow [3, 4, 5, 6, 7] . These necessitates the call for missing data analysis in hydrological time series analysis prior to hydrological analyses such as trend detection.
Trend detection in long time series of hydrological data is an important and difficult issue, of increasing interest for both hydrology and climatology over three decades. It is paramount in order to examine climate changes scenarios and enhance climate impact research [8, 9, 10, 11] . The majority of water resources projects are planned, designed and operated based on the historical prototype of water availability, quality and demand, assuming constant climatic behavior. It is therefore essential to investigate present and probable future climatic change patterns and their impacts on water resources so that appropriate adaptation strategies may be implemented [12] . This makes trend detection in long time series data vital for better planning and designing regional water resources management. Trend analysis is widely implemented to analyse hydrological variables such as precipitation, stream flow and river discharge. For example, several researchers found that trends in observed daily precipitation are generally a complex function of the climatic environment, precipitation intensity and season [13, 14, 15, 16] . Relevant reviews on trend analysis in precipitation time series include the studies of [17, 18, 19, 20, 21] .
There exist a great number of probability distributions that were used for testing the goodness of fit in hydrologic data. Some of these distributions that were used and described in various literatures include;
Normal family, Generalized Extreme Value family and Pearson Type III family.
Flood is a natural disaster that occurs in several countries in the world. It has been demonstrated that changes in the magnitude and frequency of flooding can be attributed to climate change, particularly precipitation, temperature and sea level change [22, 23, 24, 25, 26] . More intense precipitation may lead to increases in flood peaks and may subsequently cause increases in the extent of flood inundation. Much research has been carried out to demonstrate how variation in precipitation may contribute to changes in flood frequency [27, 28] .
Flood is the major natural disaster in several parts of the east coast states of Peninsula Malaysia, Kelantan river basin inclusive. The Kelantan river basin is one of the largest basins in Malaysia which is known to be flood prone. During early December, 2014, heavy precipitation occurred for many days that lead to disastrous flooding in several parts of the east coast state of Kelantan flooding the entire river basin. The flood was considered to be the greatest in history that happens in the Kelantan Rivers and its tributaries which drains about 13,100 km 2 watersheds affecting more than 200, 000 people. It causes damage to lives and properties worth several millions of Malaysian ringgits.
Although several researches have been conducted that involved trend analysis of hydrological data in recent years, none of these researches use a combination of precipitation data and AMF data. While other studies focus only on the 2014 flood, this research attempted to analysed the variability of precipitation and AMF over the period of 1984-2014 for possible climate change. More so, apart from identifying the possible trend in the hydrological data, data preparation involving missing data analysis as well as fitting the data into the best probability distribution was carried out in this study.
The aim of the current study is to identify the variability of precipitation in flood source areas of Kelantan river basin by detecting precipitation and AMF changes in the temporal structure for the period of 1984-2014. In order to contribute for a better interpretation of its hydrological status using MannKendall test and Sen's slope estimator. The precipitation regime features a high seasonal and annual variability in both temporal and spatial domains, providing the incentives for assessing the precipitation variability and by extension on climate change. 
METHODOLOGY

Study Location
Kelantan River basin is located in the north eastern part of Peninsular Malaysia between latitudes 4° 40' and 6° 12' north, and longitudes 101° 20' and 102° 20' east. The maximum length and breadth of the catchment are 150 km and 140 km respectively. The main river is about 248 km long and drains an area of 13,100 km 2 , occupying more than 85% of the State of Kelantan. Kelantan river basin has an annual precipitation of about 2383±120 mm, a large amount of which occurs during the North-East Monsoon between mid-October and mid-January.The estimated runoff for this area is 500 m 3 s −1 [29] . The mean annual temperature at Kota Bharu is 27.5° C with mean relative humidity of 81%. The mean flow of the Kelantan River measured at Guillemard Bridge is 557.5 m 3 s -1 .
There are six major sub-basins in Kelantan River basin namely Galas, Nenggiri, Pergau, Guillemard Bridge, Kuala Krai and Lebir. The eastern and western portions, consisting of mountain ranges have a granitic soil cover encompassing a mixture of fine to coarse sand and clay. The soil cover is a metre or so deep but depths of more than 18 m may be encountered in localised areas. A fine sandy loam soil is found in the extreme east and west of the southern half of the basin. Its depth seldom exceeds a few metres. The remaining fraction, comprising almost one-third of the catchment, is cloaked by a variable soil cover that varies in depth, from a few metres to more than 9 m.
Missing Data Analysis
Missing data analysis was conducted using normal ratio method which is the most commonly used method for estimation of missing rainfall data in hydrological analyses. According to the method the missing rainfall is given as:
Where Px is the missing rainfall for any storm at the interpolation station 'x', Pi is the rainfall for the same period and the same storm at the "ith" station of a group of index stations, Nx the normal annual rainfall value for the 'x' station and N is the normal annual rainfall value for 'ith' station.
Testing the goodness of fit
Goodness of fit is used to quantify how compatible a random simple is with the theoretical probability distribution. The Chi-Square, Anderson-Darlington and Kolmogorov-Smirnov tests were used in this study to determine the best fit probability distribution using Gumbel distribution, General extreme values (GEV), Lognormal III Pearson (LN III) and Log Pearson III (LP III) as the distribution parameters.
Chi-square Test
This test is use to test if a sample of data are from a population with a specific distribution. The chi-square test is an alternative to the Anderson-Darling and Kolmogorov-Smirnov goodness-of-fit tests. The chisquare statistic in this study was calculated using the equation below;
Where Oi = observed frequency Ei = expected frequency i = number of observations (1,2,…..k) and is calculated as follows; = ( 2 ) − ( 1 ) (3) Where F = cumulative distribution function of the probability distribution x1, x2 = limits for bin i
Anderson-Darlington Test (A-D)
This is used to test if a sample of data are from a population with an explicit distribution. It compares the fit of an observed cumulative distribution function to an expected cumulative distribution function. AndersonDarlington test is an alteration of the KolmogorovSmirnov test and therefore infer more weight to the tails than does the Kolmogorov-Smirnov test. This test was calculated using the equation below;
F = cumulative function of the distribution
Kolmogorov-Smirnov Test (K-S)
The Kolmogorov-Smirnov statistic is used to decide if a sample comes from a population with a specific distribution. It is given as the largest vertical difference between the theoretical and the empirical cumulative distribution function (ECDF); Given N ordered data points Y1, Y2,….YN. 
where n(i) is the number of points less than Yi and the Yi are ordered from smallest to largest value. This is a step function that increases by 1/N at the value of each ordered data point.
Mann-Kendall Test and Sen Slope Estimator
Secondary data for AMS of 24-hour precipitation from three stations and that of AMF from four discharge gauging stations distributed across the Kelantan river basin were obtained for the trend analyses. The trend analyses were conducted using Mann-Kendall nonparametric test. This test has been widely used in hydrological studies to test for trend in the time series data. It is a rank-based procedure, robust to the influence of extremes and suitable for application with skewed variables widely used to test the normality of hydrologic variables [30, 31] . More particularly, this technique can be adopted in cases with distributionfree data containing outliers and non-linear trends [32, 33] . According to this test the null hypothesis (H0) indicates that the annual distribution of the data (x1....xn) is a sample of n independent and identically distributed random variables [34] . The alternative hypothesis H1 of a two sided test is that the distribution of xk and xj are not identical for all k,j ≤ n with k ≠ j. The test statistic is given below [35] .
The null and the alternative hypothesis of the MannKendall test for trend in the random variable x are:
The Mann-kendall statistic S was calculated as;
Where xj and xk are the data values in years j and k respectively, with j>k, and sgn () is the signum function:
Under the null hypothesis the distribution of S can be approximated well by a normal distribution (for large sample sizes n), with mean and variance 2 given by: 
For a two-tailed test, the null hypothesis is rejected at significance level 'α' (Type I error). If | | > ∝/2 , where ∝/2 is the value of the standard normal distribution with an exceedance probability /2. If the null hypothesis is rejected, the Man-Kendall test revealed that there is upward trend then the true slope may be estimated by computing the least square estimate of the slope. Sen slope estimator is used to quantify the slope of the trend, if the null hypothesis is rejected. [36] and [37] reported that the estimator can be used to depict the quantification of change per unit time. The slope estimates Qi of N pairs of data are calculated as equation below:
Where N is the values of slopes ranked from the smallest to the largest. If N is odd, Sen's slope is calculated as follows:
If N is even, the estimator arises from the equation below;
RESULTS AND DISCUSSION
Missing Data Analysis
The normal ratio method was used to compute the missing data in this study. Results for this analysis are presented in Tables 1-3 . Of the seventeen rainfall stations used in this study, only 3 stations were found with missing data namely; Jeli with three years missing data while Aring and Gob both have a year missing from the rainfall record. Completed data after treatment is presented in Table 3 . The minimum and maximum rainfall over the period of 31 years in all the stations before and after treating the missing data were found in both Gemala (114.00 mm) and Gunung Gagau (5396.50 mm) respectively as shown in 
Descriptive Statistics
Descriptive analysis was carried out on the treated data after missing data analysis and the results obtained are presented in Table 4 . The thirty-one rainfall data was analyzed for descriptive statistics such as range, first quartile, median, third quartile, variance, skewness (Cs), kurtosis (Ck) and standard error of mean (SEM). Data quality control such as mean and standard deviation were carried out as an essential step before analyses, because erroneous outliers can seriously have an effect on the trends [38] . In the case of AMF data (Table 5 ) a negative Cs and kurtosis were obtained from Kuala Krai and Pergau and a positive Cs for Galas and Nenggiri. Data quality control such as mean and standard deviation were also carried out on this data as an essential step before analyses, because erroneous outliers can seriously have an effect on the trends [39] . 
Identification of best fit probability distribution
The results of the three goodness of fit mentioned above were fitted on the annual maximum rainfall data and the results are shown on Table 6 . It was observed that all distributions were acceptable to fit to the data at the significant level, of 0.05. Even though, there is no clear trend as to which distribution parameter was found to be dominant in all other locations. While Gumbel fitted well in some locations, GEV, LN III, LP III fitted better in other locations. In Table 6 where the results of 6 stations were reported namely; Blau, Brook, Gua Musang, Gunung Gagau, Dabong and Gob. It was observed in Blau LP III ranked first in chi-square, while it was in Brook GEV for Brook. For A-D test, Gumbel fitted better for Blau and GEV for K-S. In Brook, LN III distribution parameter fitted better for both A-D and K-S test. With the exception of K-S both chi-square and A-D tests were ranked first by Gumbel distribution parameter in both Gua Musang and Gunung Gagau. The results of both chi-square, A-D and K-S were similar to each other in both Dabong and Gob (Table 6 ). In these locations, LN III fitted best in chi-square, GEV in A-D and K-S for Dabong and Gumbel distribution was found to fit better in Gob. 
Precipitation Trend Analysis Using Mann-Kendall test and Sen Slope Estimator
Mann-Kendall non-parametric test was applied to the annual maximum series of 24-hour precipitation and the AMF data to verify increasing or decreasing trends. The Kendall S and Z statistics were calculated on the 31-year annual data . Figures 1-17 and 18-21 shows the graphical presentation of annual maximum series of 24-hour precipitation and the AMF data respectively. Table 7 and 8 present the Mann-Kendall's nonparametric tests results, as well as an estimate in the computed test statistics and its associated P value. P values are the smallest level of significance (5%) at which null hypothesis will be rejected. In this study, the null hypothesis is that there is no trend in the available data. (Table 7 ) was found to be statistically non-significant in twelve of the seventeen stations analysed in this study (Brook, Blau, Gunung Gagau, Gua Musang, Aring, Gemala, Balai Polis, Dabong, Laloh, Kuala Krai, Jeli and Durian). While a statistically significant trend (95%) was obtained for the five stations. These results coincide with the findings of previous researchers in the same location who obtained similar findings of non-significant trends on stations located on the downstream of Kelantan river basin namely Gunung Gagau, Aring, Laloh and Kuala Krai [39] . All the values for Kendall's tau were recorded to be positive except for Gua Musang which was found to be -0.002. Highest value was found in Gob (0.36) while the lowest was found in Balai Polis (0.03). score; NS = not significant at 5% level probability *= significant at 5% level probability Trend analysis for the AMF data is presented in Table  7 . An increasing trend which is statistically significant (5% probability level) was obtained for all the locations under study. The Kendall tau values for the AMF data were all positive. The values obtained ranged from 0.214-0.587. The highest and lowest S values were obtained from Pergau (7.73) and Galas (11.70) respectively. Table 7 and 8 for the AMS of 24-hour precipitation and AMF data. A negative Q value represents a downward slope and a positive sign indicates an upward one. With the exception of Gua Musang, all other sixteen stations exhibit an upward trend in the 24-hour precipitation. A statistically nonsignificant upward slope approximates an increase of 42.83 mm/hydrologic year in Gunung Gagau while statistically non-significant upward slope of 48.50 mm/hydrologic year is estimated in Bendang. In Gua Musang where the Sen's slope value is negative, statistically non-significant reduction in rainfall of about -0.18 mm/hydrologic year is expected from that station. 
CONCLUSIONS
The results of rainfall analysis for identifying the best fit probability distribution revealed that the distribution pattern for different data sets can be identified out of a large number of commonly used probability distributions by using different goodness of fit tests. Owing to the fact that no clear PDP appears to be the dominant one in all the stations, all data from all the stations fitted well with both chi-square, A-D and K-S tests.
The Mann-Kendall test was employed to detect annual trends in precipitation and AMF data. Both statistically non-significant increasing and statistically significant increasing trends were obtained for the annual maximum series of 24-hour precipitation and statistically significant increasing trends AMF data respectively. This confirms the increasing flood prone nature of these locations.
Twelve of the seventeen precipitation stations analyzed for trend analysis were found be statistically non-significant at 95% level of probability. The other 5 were found to be statistically significant also at 95% level of probability. The statistically non-significant increasing slope of the precipitation data in most of the stations signifies no climate change occurrence that will significantly influence the rainfall regime in these locations during the period under review. While statistically significant increasing slope of the rainfall data in some few stations will make us to suggest climate change occurrence. The 2014 flood which is a rare extreme event caused by large amount of precipitation, one event is not enough to draw conclusions about the possible occurrence of climate change. As several studies have reported topography, soil and land use/land cover (LULC) as the most significant factors influencing rainfall-runoff patterns for a single flood event in drainage basins. While soil and topography appeared to have insignificant effect in the short term flood event, LULC are considered to be the most significant and key factors affecting rainfall-runoff behavior over a long period. Thus, some uncertainty still remains until a comprehensive LULC study of the area under study and its impact on the hydrologic regimes is carried out (a study currently undergoing by the authors). As LULC may have played a key role in the recent floods that have occurred in the Kelantan river basin. Owing to the claims made by several people that illegal logging and unrestricted land cover conversion without consideration of environmental repercussions, has alters natural hydrologic systems of the basin. 
